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@ Disclosed is a method that relates to the 
measurement of detemiinants related to the 
in-vjvo induction of spenmidine/ spennlne N'- 
acetyltransferase (SSAT) . subsequent to treat- 
ment with polyamine analogs that induce SSAT 
such as bis-ethyl spemnine analogs, in tumor 
types responsive to this class of analogs. The 
method comprises the measurement of one or 
more SSAT-specific detenminants that include 
SSAT enzyme activity, SSAT enzyme protein, 
and SSAT m-RNA transcripts. Altematively. 
other detenminants related to the SSAT Induc- 
tion may be measured. Such detenminants in- 
clude SSAT co-factor acetylCoenzyme A. and 
SSAT products N'-acetyispermidine and N'- 
acetylspenmine. Measurements of these deter- 
minants may be useful as prognostic indicia 
and tumor response markers to evaluate the 
clinical effectiveness of anticancer agents com- 
prising polyamine analogs, such as bis-ethyl 
spermine analogs, that induce SSAT activity. 
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This invention was nnade with government support under grant numbers CA-51524, CA-37606» CA-13038. 
and CA-16056, awarded by the National Cancer Institute. The government has certain rights in this invention. 

1. Background of the Invention : 

5 

1.1 Field of the Invention 

The present invention relates generally to the detection of enzyme levels that are affected by a specific 
dass of cancer chemotherapeutic agents, and more particularly, to the use of the enzyme spermidine/sper- 
10 mine N^-acetyltransferase as a prognostic indicator and/or tumor response marker to facilitate clinical use of 
the class of anticancer agents that effect induction of the enzyme. 

1.2 Description of the Background and Related Art 

15 The biological polyamines,putresine, spermidine and spermine are natural components of all mammalian 
cell types and are known to be essential for cell growth. While their precise role in supporting cell growth is 
uncertain, it is believed to involve interaction with nucleic acids. These substances and their key btosynthettc 
enzymes, ornithine and S-adenosylmethionine decarboxylase (ODC and SAMDC, respectively), are increased 
in neoplastic tissues. Therefore, polyamlne biosynthesis has been a targeted in the development of experi- 

20 mental anticancer strategies. 

Because inhibitors of polyamtne biosynthetic enzymes lower the polyamine content of tumor cells, they 
are being evaluated for use as anticancer agents. Thus far, these inhibitors have not lead to clinically effective 
anticancer agents. One of the problems confronting their use is that as soon as polyamine pools are lowered, 
the key biosynthetic enzymes ODC and SAMDC undergo a compensatory Increase in activity (Porter and Ber- 

25 geron. ig88, in Advances in Enzyme Regulation, pp.57-79. Pergamon Press). Thus, the desired effect of the 
enzyme inhibitors (l.e. inhibiting cell growth by polyamine pool depletion) is circumvented by one or both of 
these enzyme responses. 

Based on the observation that increases in the polyamine pools suppress ODC and SAMDC activities, an 
alternative approach has been devised (Porter and Bergeron, 1988, in Advances in Enzyme Regulation, pp.57- 

30 79, Pergamon Press), it proposes to identify polyamine analogs which behaves like the natural polyamines in 
down-regulating ODC and SAMDC, but which lack the ability to perform in functtons required for cell growth. 
N^ Ni2-bls(ethyl)spermine (BESPM), a N-bis(ethyl) analog of spermine,has served as a model compound for 
this strategy. A comparison of the chemical structures of spermine and BESPM is shown in Figure 1. BESPM 
was found by in- vitro studies to rapidly suppress ODC and SAMDC, deplete natural polyamine pools, and inhibit 

35 cell growth at 1-10 uM (Porter et al., 1987, Cancer Res. 47:2821-2825). In addition, BESPM suppresses poly- 
amine uptake (Byers and Pegg, 1990. J, Physiol. 142:460-467; and Kramer et al. Proc. Am. Assoc. Can. Res. 
32:404, 1 991), and thus minimizes the ability of tumor cells to nrieet their polyamine requirement by taking them 
up from their environment. The potential for polyamine analogs as effective cheniotherapeutlc agents is evi- 
denced by potent tumor activity against several melanoma cell lines in- vitro (Porter et al.,1991, Cancer Re- 

40 search, 51:3715-3720; Shappell et al., 1992, Anticancer Res., in press) and against MALME-3 human mela- 
noma tumors growing as xenografts in athymic mice, exhibited by bis-ethyl spermine analogs (Bernacki et al., 
May 1992, Can. Res., in press). 

Additional In- vitro studies show that BESPM also causes an profoundly large Induction of the polyamine 
metabolizing enzyme spermidine/spermine N^-acetyltransferase (SSAT) in certain human carcinoma cell lines. 

4$ The following is a list of relevant prior art along with a brief description of each: 

Libby et al. (Arch. Biochem. Biophys. 284: 238-244, 1991) and Casero et al. (Biochem. J., 270: 615- 
620) describe Isolatbn and partial characterization of human SSAT protein from BESPM-treated cell lines. 
Casero et al. report that the cytotoxic response of the NCI HI57 human large cell lung carcinoma cell line to 
exposure to BESPM was associated with a high induction of SSAT in-vitro. 

50 Porter etal. (1991. Cancer Res., 51:3715-3720) describe the extreme Inductton of SSAT levels after treat- 
ment of human melanoma cell lines (MALME-3) in-vitrg wit h BESPM and a lesser degree of induction with other 
bis-ethyl spermine analogs. Between two melanoma cell lines, the high induction of SSAT activity was sug- 
gested to correlate with the growth sensitivity In-vitro to the bis-ethyl spermine analogs. 

Each of the above cited references discloses a high induction in the levels of SSAT after treatment of spe- 

55 cif Ic human tumor cell lines in-vitro with bis-ethyl spermine analogs. However, there Is a need to establish a 
correlation between SSAT levels and tumor growth responses in animals. In particular, none of the above ref- 
erences demonstrate the induction of SSAT levels following treatment of tumor-bearing animals, i.e. in-vivo , 
nor do the references disclose correlatk>n of tumor growth sensitivity to bis-ethyl spermine analogs with in- 
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duced SSAT levels in-vivo. First, it is not known from the prior art whether polyamine analogs analogs are vul- 
nerable to problems related to stability, uptake, and antiproliferative potency in-vivo . 

Second, it is not known if the high induction of SSAT would occur in-vivo because of uncertainties related 
problems related to the analog itself (see above) and to the stability of SSAT-speclfic m-RNA intracellularly 
and the stability of the enzyme itself. Because the analogs cause a number of cellular events in in-vtoo systems 
(i.e. suppression of ODC/SAMDC, depletton of polyamine pools, depletion of mitochondrial DNA, and possibly 
other DNA-related effects), it is Important to demonstrate that SSAT Inductton In-vlvo is prominent among the 
events and that it may be causally related to or indicative of anti-tumor activity. Because an event occurs in- 
>«b:o does not necessarily mean that the event occurs in-vivo. For instance, suppression of ODC and SAMDC 
is well recognized as an in-yi^ effect of bis-ethyl spermine analogs. However, rocent studies (Porter et al., 
submitted) show that this effect does not occur in- vivo. 

Moreover, it must be demonstrated that SSAT Inductton in-vivo occurs selectively in tumor tissue relative 
to various normal tissues. Its potential usefulness as a tumor marker, and as a determinant of drug action, is 
highly dependent upon induction of enzyme levels selectively in tumor cells. The prfor art discloses induction 
of enzyme in certain tumor cell lines in-yitro, but does not disclose relative enzyme levels in related normal 
tissue in- vivo. 

Therefore, there exists a need for the development of a method for monitoring the clinical effectiveness 
of a polyamine analog anticancer agents, including the bis-ethyl spermine analogs, which have potent antic- 
ancer activity against certain cancers such as melanoma. In addition, a method for determining therapeutic 
effectiveness of treatment, and for predicting the sensitivity to treatment of an individual's tumor with analogs, 
such as a bis-ethyl spermine analog, is desired. Such methods will greatiy facilitate the identification of. and 
chemotherapeutic treatment of individuals bearing tumors sensitive to analogs that effect Induction of SSAT 
such as bis-ethyl spermine analogs. 

2. Summary of the Invention 

A primary object of the invention is to provide a method for predicting the responsiveness of an individual's 
tumor to treatment with polyamine analogs that effect SSAT induction such as bis-ethyl spermine analogs. 

Another object of the invention is to provide a method for monitoring the therapeutic effectiveness of b-eat- 
ment, using this dass of polyamine anatogs, of an indh^idual bearing tumors sensitive to this class of analogs. 

Afurther object of the present invention is to provide a method for determining a therapeutic regimen and 
treatment schedule for individuals undergoing chemotherapy with polyamine analogs that effect induction of 
SSAT. 

In summary, the above is accomplished by providing a method wherein the levels of SSAT are measured 
in an Individual's tumor cells which have been prevtously exposed to treatinent with a polyamine analog. In- 
duction of SSAT may be used as Indica of sensitivity to. therapeutic effectweness of, and to determine dinfcally 
efficacious amounts of, polyamine analogs. 

3. Brief Description of the Drawings; 

A more complete appreciation of the invention, and its many attendant advantages thereof, and a better 
understanding of its features may follow by referring to the detailed description in connection with the accom- 
panying figures, wherein: 

FIG. 1 1s a diagram depicting the chemical relationship between spermine and a polyamine analog comprising 
the bis-ethyl spermine analog N\N^.2-Bis(ethyl) spermine. 

FIG. 2 is a diagram depicting the chemical relationship between three selected bis-ethyl spermine analogs 
which differentially induce SSAT. 

FIG. 3 is a bar graph depicting the in-vivo induction of SSAT activity following bis-ethyl spermine analog treat- 
ment 

FIG. 4 is a diagram depicting a biochemical pathway involving spermine and derivatives thereof. 

4. Detailed Description 

The method of using the Induction of spermidine/spermine N^-acetylb^nsferase as a prognostic marker 
or as a tumor response marker, in relation to ti-eatinent of tijmors with polyamine analogs, includes the direct 
measurement of SSAT activity in tumor biopsies, and also includes- measurement of other determinants re- 
lating to SSAT levels such as detection of metabolic products of SSAT as found In tissue or serum; detection 
in tissue of amplified SSAT-specif ic messenger RNA (m-RNA) transcripts, measurements of corresponding 
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changes in levels of enzymes affected by the induction of SSAT activity, and detection and quantification in 
ti^ue of increased amounts of the enzyme protein itself such as by enzyme-linked Immunosorbent assay (ELI- 

5 The three bis-ethyl spermine analogs, chosen as a representative panel of polyamine analogs for use to 

perform relevant in-vivo studies, Include N\Ni2-bis(ethyl)spermlne (BESPM); Ni,N^i-bls-(ethyl)norspermine 
(BENSPM) and Ni.Ni4-bis-(ethyl)homospermine (BEHSPM). All three similarly suppress ornithine and S-ade- 
nosyl-methlonine decarboxylase levels, but differentially induce SSAT levels in-vitro (Porter et al. Cancer Re- 
search 51:3715-3720. 1991). The chemical relationship between BESPM and the two related compounds 

10 BEHSPM and BENSPM, is shown in Figure 2. 

4.1 SSAT Induction in-vlvo and Correlation In-vlvo of Antitumor Activity of N,N'-Bis(ethyl)spermlne 
Analogs with SSAT Induction 



IS 



25 



30 



35 



The irtyiyo antitumor activities of BESPM. BEHSPM. and BENSPM. were compared against MALME-S 
human melanoma xenografts in mice. Cultured MALME-3 melanoma cells were first passaged several times 
rn female BSD nude athymic mice. Fragments of resultant tumor were implanted Into mice via subcutaneous 
trocar Implantation. Mice of different treatment groups were treated with one of the three bis-ethyl spermine 
analogs BESPM. BEHSPM. and BENSPM. Tumor growth Inhibition was monitored by parameters including 
20 tumor volume. Against the MALME-3 human melanoma xenografts In mice, BESPM displayed significant an- 
titumor activity evidenced by the suppression of tumor growth for an addittonal 30 days following cessation of 
treatment. By comparison, BEHSPM was less effective than BESPM. in that BEHSPM suppressed tumor 
growth for 18 days after cessation of treatment BENSPM was the most effective of the three in that it sup- 
pressed tumor growth for 40 days after the cessation of treatment The antitumor activity for these three ana- 
logs correlated with their ability to induce SSAT activity in the same tumor cells growing In-vitro (Table 1) It 
was also noted that retreatment 2 weeks later with BENSPM resulted In an apparent curing of about 20% of 
the MALME-3 xenografts. This antitumor activity exhibited is sufficiently significant to warrant dinical testing 
of polyamine analogs that effect SSAT induction, and in particular. BENSPM. 

Studies were performed using BENSPM treatment of MALME-3 human melanoma xenografts to determine 
if there exists a correlation between antitumor activity and SSAT Induction In-vlvo . SSAT activity was measured 
using cell extracts obtained by sonicatlon. in 5 mM N.2 hydroxyplperazine-N2-ethanesulfonic acid (pH 7.2) con- 
taining 1 mM dithiothreitol. of tumor biopsy from treated mice, and tumor biopsy from control mice. The cytosolic 
extract resulting from a 1 hour centrrfugation at 35,000 rpm in a Spinco 40 rotor was used as the source of the 
enzyme for the assay of SSAT activity. The cytosolic extract was incubated with 1 0 umol HEPES buffer pH7 8 
0. 1 5 nmol spermidine, and 0.5 nmol [l-i^c] acetylCoenzyme A. in a final volume of 50 ul. for 5 minutes at 37^C 
The reaction was stopped by chilling, the addition of 20 ul of 0.5 M NHjOH CI, and heating In a boiling water 
bath for 3 minutes. After centrifugation to remove precipitated protein, 50 ul of the reaction was spotted on a 
disc of P-81 phosphocellulose and counted for radioactivity. Protein concentration was also measured so that 
enzyme activity was expressed as picomoles of acetylspermlne synthesized per minute per milligram of pro- 
tein. 

SSAT adwlty. in tumors teken 16 hours following the final BENSPM injection, was elevated to approxi- 
mately 1 3.700 pmol/min/mg as compared with the activity of 75 pmol/min/mg in control tumors (Table 2) Also 
kidney and liver SSAT activities In the mice treated with BENSPM were found to be Increased from basal levels 
of approximately 10 pmol/min/mg to 1255 and 320 pmol/mln/mg, respectively. BENSPM-treated tumors had 
polyamine pools which were almost totally depleted at this time. Two weeks after treatment, the tumor from 
MALME-3 human melanoma xenograf te in BENSPM-treated mice contained SSAT levels of 3,040 pmol/min/mg 
as compared to 260 and 75 pmol/min/mg for kidney and liver, respectively. Note that ODC and SAMDC levels 
were not suppressed, suggesting that polyamine depletion may be due totally to SSAT Induction Thus the 
latter may be Indlrectiy responsible for growth inhibition and. therefore, a determinant of drug action jn- Jivo. 

In the absence of other nnajor biochemical perturbations, the dramatically increased SSAT levels In treated 
tumor seem to suggest a role for the enzyme in t he initiating growt h inhibition during treatment and in sustaining 
the effect after treatment (Figure 3). Since polyamine pools at the two week period (Table 3) are not charao- 
teristic of polyamine inhibitor-induced growth inhibition (i.e. pools are not markedly depleted) SSAT may me- 
diate the antiproliferative response by other means. These other means may Include rapid acetylation of all 
unbound spermidine and spermine thus eliminating availability of free polyamines; an excessive accumulation 
of Ni-acetylspermldine; depletion of acetylCoenzyme-A pools (co-factor for SSAT as shown In Fig 4)- inap- 
propriate acetylation of and possibte Inacth^atlon of critical molecules or receptors; or any combination of the 
above. 
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Table 1 - Coiparison of BBSPM Homoloqr Effects 



Homoloa 


SSAT Induction* 


Rearowth delay** %T/C*** 


BEHSPH 


--1,000 


14 43 


BESPM 


-10,000 


27 34 


BENSPH 


-60,000 


42 ^10 



* (prool/min/mg) in cultured MALME-3 cells treated for 48 hours with 
lOuH homolog. 



** Time (in days) required following treatment for median tumor 
volume to reach 200 mm^. 

*** %T/C. laf treated tumor volume minus pretreatment volume divided 
by control tumor volume minus pretreatment volume at day 95 (When 
control tumor volume » lOOOmm^) times 100. 
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TahJe 2; Effect ofBENSPM on MALME*3 Melanoma and Host 
Tissue Pofyamine-Related Enzymes 



JISSW BEHSPH 




EQZy!PP..At.tJjd±lfi5 




Trejtetf* 










1 nino 1 f nr / m9 f 


\nmoi/nr/mg) 


(pmol/mln/ing) 


16 Hrs Post-treatmenf* 








Tumor - 




0.35/0.28 


67/83 


+ 


0,21/0.16 


0.42/0.41 


11,490/15.930 


Ki alley 


0.16/0.14 


0.25/0.36 


^ 6/8 


+ 


0.18/0.21 


0.56/0.47 


1616/895 


Liver 


0.11/0.08 


1.05/1.58 


• n/8 




0.21/0.15 


1.23/1.03 


347/294 


2.Vlks Post-treatment: 








Tumor 


0.17/0.20 


0.62/0.65 


70/75 




0.28/0.99 


0.96/2. M 


2810/3275 


Kidney 


0.14/0.13 


0.26/0.33 


5/3 




0.13/0.13 


0.49/0.37 


272/248 


Liver 


0.06/0.06 


1.27/K32 


5/5 




0.06/0.08 


1.01/1.14 


90/60 



*40 rog/kg 3x/day x6 days. 

•Duplicate mice with each value representing the mean of duplicate assays. 



* 
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Table 3 . Effect ofBENSPM on MALME-S Melanoma and Host TisBue 
Pofyamine and Analog Pools 

10 



Tissue BEMSEM £UI SED SEM fiEMSEH 

Treated * (praol/flig protetn) 

IS 

16 Hrs Po5t~treatment: 





Tumor 


60/20** 


320/290 


450/380 • 




20 




20/20 


50/20 


40/30 


1020/1535*'' 




K4dney 


20/20 


240/260 


540/440 






+ 


100/40 


100/100 


260/250 


- 860/1705** 




LWer 


20/20 


570/460 


610/500 




25 


+ 


90/100 


80/90 


170/200 


1180/1470** 




2 Wks Post-treatment: 










30 


Tumor 


20/50 


330/270 


330/360 








370/290 


560/160* 


200/80 


620/470 




Kidney 


20/30 


340/320 


530/520 








20/20 


210/210 


360/370 


90/150 


35 


Liver 


20/20 


490/660 


660/760 






+ 


20/20 


530/530 


400/330 


40/40 




*BENSPM 40 Big/kg 3x/day x6 days. 









^ **Dupl1cate mice with each value representing the mean of duplicate determinations. 
*also contained high levels of K-acetylspermldlne (240/180 pmol/ng protein). 
**a1so contained a peak which was similar In height to the SPM peak of this tissue 
and which was presumed by location to be a monoethyl metabolite peak of BENSPM. 

45 
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5. Preferred Embodiments 

The follovifing examples are directed to the measurement of determinants related to the in-vivo induction 
55 of SSAT, subsequent to polyamine analog treatment of tumor, which may be used as Indica of sensitivity to, 
therapeutic effectiveness of, and to determine clinically efficacious amounts of, polyamine analogs. 
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5.1 Use of SSAT as a Pr edictive Assay for Bis-ethyl Spermine Analog Therapy 

Because the the level of Induction of SSAT. in response to polyamine analogs such as bis-ethyl spermine 
analogs, is extreniely variable among human tumor types including human melanoma, quantitation of SSAT 
supennduction could be used in a pre-therapy test for predicting responsiveness of that particular human tumor 
type to the bis-ethyl spermine analog to be administered, ainical trials, to establish a range of SSAT induction 
responses among patients, could be used to draw a correlation between SSAT induction and clinical response 
to treatment 

Example 1 

Tumor biopsies or surgical specimens containg tumor may be disaggregated, and introduced into cell cul- 
ture; or alternatively, grown in culture as explants. Treatment with the polyamine analog such as a bis-ethyl 
spermine analog is then initiated and confinued for up to four cell doublings without medium change. The treat- 
ed cells are then prepared as cell suspensions for quantitation of SSAT induction. 

EmbodimentA: SSAT induction can be quantitated by assaying for enzyme activity. Cell extracts of the treated 
ailtured tumor cells may be obtained by sonication. in 5 mM N-2 hydroxypiperazine-NZ-ethanesulfbnic acid 
(PH 7.2) containing 1 mM dithiothreitol. The cytosolic extract resulting firom a 1 hour centrifUgation at 35 000 
rpm in a Spinco 40 rotor is used as the source of the enzyme for the assay of SSAT activity. The cytosolic 
octract IS incubated with 10 umol HEPES buffer. pH7.8. 0.15 nmd spermidine, and 0.5 nmol [1.i4C] acetyl- 

?^«"Tf «^'?AfL"^' ^ ^* "r"® « «toPP«d by chilling, the addition 

or 20 ul of 0.5 M NH2OH.CI, and heating in a boiling water bath for 3 minutes. After centrifugation to remove 
precipitated protein, 50 ul of the reaction is spotted on a disc of P-81 phosphocellulose and counted for radio- 
activity. Protein concentration Is also measured so that enzyme activity was expressed as picomoles of acet- 
ylspermlne synthesized per minute per milligram of protein. 

Embodiments: SSAT induction can be quantitated by using a specific antibody to assay fbrthe physical pres- 
ence of SSAT. In one mode of this embodiment, SSAT may be used as an antigen in immunoassays designed 
to detect and quantif icate SSAT induction. A cell extract or cytosolic extract is prepared as according to the 
methods in EmbodimentA. The detection of SSAT as an antigen in prepared extracts includes any immunoas- 
say system known in the art including, but not limited to: radioimmunoassays, enzyme-linked immunosorbent 
assays (EUSA). "sandwich" assays, precipitin reactions, agglutination assays, and fluorescent immunoassays 
In another mode of this embodiment, following treatment with a polyamine analog, whole cells can be as- 
sayed for the physical presence of SSAT in culture as a monolayer after whteh an in-situ immunocytochemfcal 
assay can be performed to detect the presence of an Induction of SSAT This may be quantitated by visual 
Inspectton of cell monolayera using a fluorescent microscope, or automatically by fluorescence flow cytomelrv 
of a cell suspension prepared from the cell monolayer. 

Embodiment C: The basis for the induction of SSAT activity is an induction of enzyme protein related to the 
combined effects of increased enzyme-specific mRNA (messenger FNA) accumulation, and decreased en- 
zyme protein degradation. Therefore, an alternative to assaying enzyme activity or protein would be to assay 
for an increase in SSAT-specific m-RNA transcripts. m-RNA can be purified from cell extracts and then sub- 
jected to enzymatic amplification to obtain sufficient quantities for analysis and detection. Enzymatic amplifi- 
cation technhiues which could be employed include those known in the art such as PCR (polymerase chain 
reaction). QB replicase, and NASBA (nucleic acM sequence-based amplification). Detection techniques in- 
cludes systems known in the art including, but not limited to. agarose gel electrophoresis and Northern blotting- 
fhjorescence-based hybridization assays; chemllumines-cence-based hybridization assays; and capture hy- 
bridization microtiter assays. J 
Embodiment D: The above procedures and methods of Embodiments A-C would be utilized to measure other 
indica related to SSAT induction rather than measuring SSAT-specific enzyme activity, protein, or mRNA tran- 
scripts. These indfca include decreases in the SSAT co-factor acetylCoenzyme A, or increases In SSAT prod- 
urts such as N«-acetylspermidine and Ni-acetylspermine. Also, mutated or variants of the gene encoding 
SSAT may be indicative of the potential for SSAT induction. 

Example 2 

Patients having tumor types suspected of being responsive to one or more polyamine analogs, such as 
bis-ethyl spermine analogs, would be administered a single dose of the analog. Subsequent to this treatment 
tumor tissue from the patient would be obtained by biopsy and t he tissue may then be subjected to one or more 
of the methods and procedures outiined in Example 1. Embodiments A-D. for detecting an induction of SSAT 

8 
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5.2 Use of SSAT as a Tumor Response Marker for Bis-ethyl Spermine Analog Treatment 

Immediately following bis-ethyl spermine analog treatment, occurs a dramatic increase in SSAT activity. 
More importantly, the high levels of SSAT activity continue during the sustained growth inhibition following bis- 
ethyl spermine analog treatment, as exemplified in Figure 3 with BENSPM treatment Therefore, the SSAT 
induction response may serve as a tumor response marker for specif teally monitoring the therapeutic effec- 
tiveness of bis-ethyl spermine analog treatiment. and for determining a dosage regimen and treatment schedule 
for an individual patient having tumor responsive to bis-ethyl spermine analogs. An indicator useful In deter- 
mining a dosage regimen and treatment schedule would be particularly desirable in cases where a patient de- 
velops adverse side effects as a result of bis-ethyl spermine analog treatment 

Embodiment A: Following treatment with a bis-ethyl spermine analog, and when tumor Is conveniently acces- 
sible, tumor may be biopsied from the patient SSAT Induction can be quantitated by assaying for enzyme ac- 
tivity. Cell extracts of the biSpsied tumor cells may be prepared, and enzyme activity measured, in accordance 
with the methods and procedures of Example 1, Embodiment A. 

Embodiment B: Alternatively, SSAT induction may be quantitated from the biopsied tumor cell extract by using 
a specific antibody to assay for the physical presence of SSAT according to the methods and procedures of 
Example 1, Embodiment B. in one mode of this embodiment, SSAT may be used as an antigen In immunoas- 
says designed to detect and quantif icate SSAT induction. The detection of SSAT as an antigen in prepared 
extracts includes any immunoassay system known in the art including, but not limited to: radioimmunoassays; 
enzyme-linked Immunosorbent assays (EUSA); "sandwich" assays; precipitin reactfons; agglutination assays; 
and fluorescent immunoassays. 

In another mode of this embodiment, an in-situ cytochemical assay can be performed directiy on a histo- 
logical preparation of the tumor biopsy to detect the presence of an induction of SSAT 
Embodiment C: The basis for the induction of SSAT activity is an Induction of enzyme protein related to the 
combined effects of increased enzyme-specific mRNA (messenger RNA) accumulation, and decreased en- 
zyme protein degradation. Therefore, an alternative to assaying enzyme activity or protein would be to assay 
for an Increase in SSAT-specIf ic m- RNA transcripts as in accordance with the methods and procedures of Ex- 
ample 1 . Embodiment C. Systems useful for detecting nvRNA transcripts may be selected from the group con- 
sisting of agarose gel electrophoresis and Northern blotting; fluorescence-based hybrklization assays; chem^ 
iluminescence-based hybridization assays; and capture hybridization microtiter assays. 

In another embodiment, the physical presence of SSAT specific mRNAIevels can be detected by perform- 
ing in-situ hybridization directiy on a histological preparation of the tumor biopsy. 

Embodiment D: The above procedures and methods of Embodiments A-C would be utilized to measure other 
indica related to SSAT induction rather than measuring SSAT-specific enzyme activity, protein, or mRNA tran- 
scripts. These indica include decreases In SSAT co-factor acetylCoenzyme A. or increases in SSAT products 
such as N^-acetyispermidine and N^-acetylspermine. Also, mutated or variants of the gene encoding SSAT 
may be indicative of the potential for SSAT Induction. 

Embodiment E: Following treatment with a bis-ethyl spermine analog, as an alternative to performing a tumor 
biopsy from the patient, a blood sample may be drawn, or a urine sample collected. Serum, red blood cell (rbc). 
or urine levels of SSAT-related products may be selected from the group consisting of Ni-acetylspermidine 
and N^-acetylspermine. Serum, rbc, or urine levels of these products may be determined using quantitative 
chromatographic techniques known in the art. such as by HPLC (high pressure liquid chromatography); or an 
Immunoassay system known In the art selected from the group consisting of radtoimmunoassays, enzyme- 
linked immunosorbent assays (ELISA), "sandwich" assays, precipitin reactions, agglutination assays, and flu- 
orescent immunoassays. 

Although the present invention has been described in some detail by way of illustration and example for 
purposes of darity and understanding, various modifications will become apparent to pereons skilled in the 
art from the foregoing descriptton and accompanying figures. Such modrf fcattons are intended to be included 
within the spirit of this application and within the scope of the appended claims. 



Claims 

1. A method for predicting the responsiveness of a mammalian tumor type to chemotherapy with an antic- 
ancer agent comprising a polyamine analog that induces spermidine/spermine N^-acetyltransferase 
which comprises the steps of: 

(a) performing a biopsy to obtain tumor cells; 

(b) introducing said tumor cells or tumor tissue in culture; 
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(c) administering a therapeutically effective amount of said polyamine analog to the tumor cells in cul- 
ture; and 

(d) detecting the level of induction of spermidine/spermine N^-acetyltransferase in the tumor cells ex- 
posed to said polyamine analog. 

2. The method of daim 1, wherein the polyamine analog is a bis-ethyl spermine analog selected from the 
group consisting of N^N12-bis(ethyl)spermlne, N\N"-bls(ethyl)norspermlne, N^.N^^-bis 
(ethyl)honK}spermlne, or a combination thereof. 

3. The method of claim 1 . wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by quantifying spermidine/spermine N^-acetyltransferase activity. 

4. The method of claim 1 , wherein the Induction of spermidine/spermine Ni-acetyltransferase Is measured 
by assaying for the physical presence of spermidine/spermine N^-acetyltransferase protein. 

5. The method of claim 4, wherein the physical presence of spermidine/spermine N^-acetyltransferase pro- 
tein Is assayed for by using spermidine/spermine N<-acetyltransferase protein as an antigen to be detect- 
ed in an immunoassay selected from the group consisting of a radioimmunoassay, enzyme-linked immu- 
nosorbent assay, "sandwich" assay, precipitin reaction, agglutination assay, fluorescent-based immu- 
noassay, and chemllumlnescence-based Inrununoassay. 

6. The method of claim 4. wherein the physical presence of spermidine/spermine N^-acetyltransferase pro- 
tein is assayed for in intact cells by an in-situ cytochemical assay specific for spermidine/spermine 
acetyltransferase. 

7. The method of claim 1 , wherein the Induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying for spermidine/spermine N^-acetyltransferase m-RNA using a detection technique selected 
from the group consisting of agarose gel electrophoresis and Northern blotting, fluorescence-based hy- 
bridization assay, chemilumlnescence-based hybridization assay, and capture hybridizaUon microtiter as- 
say. 

8. The method of claim 7. wherein the spermidine/spermine Ni-acetyltransfeirase m-RNA is assayed for in 
intact cells by in-situ hybridization. 

9. The method of claim 1 , wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by detecting mutations or variations in the gene encoding spermidine/spermine Ni-acetyltransferase us- 
ing a detection technique selected frcmi the group consisting of agarose gel electrophoresis and Southern 
blotting, fluorescence-based hybridization assay, chemiluminescence-based hybridization assay, and 
capture hybridization microtiter assay. 

10. The method of claim 7. wherein the spermidine/spermine N^-acetyltransferase m-RNA is first enzymat- 
ically amplified. 

11. The method of claim 1 . wherein the inducUon of spermidine/spermine Ni-acetyltransferase is measured 
by assaying for a polyamine derivative selected from the group consisting of Ni-acetylspermidine and 
N^-acetylspermine. 

12. The method of claim 1. wherein the induction of spermidine/spermine Ni-acetyltransferase Is measured 
by assaying for spermidine/ spermine Ni-acetyltransferase cofactor acetylCoenzyme A. 

13. A method.for predicting the responsiveness of a mammalian tumor type to chemotherapy with an antic- 
ancer agent comprising a polyamine analog that induces spermidine/spermine N^-acetyltransferase 
which comprises the steps of: ' 

(a) administering a therapeutically effective amount of said polyamine analog to the mammal; 

(b) performing a biopsy to obtain tumor cells; and 

(c) detecting the level of induction of spermidine/spermine N^-acetyltransferase in the tumor cells ex- 
posed to said polyamine analog. 

14. The method of claim 13. wherein the polyamine analog is a bis-ethyl spermine analog selected from the 
group consisting of N\Ni2-bis(ethyl)spermine, Ni,Nii-bis{ethyl)norspermine, N^.N^^-bis 
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(ethyl)homospermine, or a combination thereof. 

15. The method of claim 13, wherein the induction of spermidine/spermine Ni-acetyltransferase is measured 
by quantifying spermidine/spermine N^-acetyflransferase activity. 

16. The method of claim 13, wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying for the physical presence of spermidine/spermine N^-acetyltransferase protein. 

17. The method of claim 16, wherein the physical presence of spermidine/spermine Ni-acetyltransferase pro- 
tein is assayed for by using spermidine/spermine N^-acetyltransferase protein as an antigen to be detect- 
ed in an Immunoassay selected from the group consisting of a radioimmunoassay, enzyme-linked immu- 
nosorbent assay, "sandwich" assay, precipitin reaction, agglutination assay, fluorescent-based Immu- 
noassay, and chemiiuminescence-based immunoassay. 

18. The method of claim 16, wherein the physical presence of spermidine/spermine Ni-acetyltransferase pro- 
tein is assayed for in intact cells by an in-situ cytochemical assay specific for spermidine/spermine Ni- 
acetyltransferase. 

19. The method of claim 13, wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying for spermidine/spermine Ni-acetyllransferase m-RNA direcUy from the tumor cells obtained 
by biopsy using a detection technique selected from the group consisting of agarose gel electrophoresis 
and Northern blotting, fluorescence- based hybridization assay, chemlluminescence-based hybridization 
assay, and capture hybridization microtiter assay. 

20. The method of claim 19, wherein the spermidine/spermine Ni-acetyltransferase m-RNA is assayed for 
in intact cells by in-situ hybridization. 

21. The method of daim 13, wherein the induction of spermidine/spermine N^-acetyltransferase Is measured 
by detecting mutations or variations in the gene encoding spermidine/spermine Ni-acetyltransferase us- 
ing a detection technique selected firom the group consisting of agarose gel electrophoresis and Southern 
blotting, fluorescence-based hybridization assay, chemilumlnescence-based hybridization assay, and 
capture hybridization microtiter assay. 

22. The method of claim 19, wherein the spermidine/spermine N^-acetyltranaferase m-RNA is first enzymat- 
ically amplified. 

23. The method of claim 13, wherein the Induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying for a polyamine derivative selected from the group consisting of N^-acetylspermidine, and 
Ni-acetylspermlne. 

24. The method of claim 13, wherein the Induction of spermidine/spermine Ni-acetyltransf erase is measured 
by assaying for spermidine/ spermine Ni-acetyltransferase cofactor acetylCoenzyme A. 

25. A method useful for monitoring the therapeutic effectiveness of, and determining a dosage regimen and 
treatment schedule for, chemotherapy In a tumor-bearing mammal with an anticancer agent comprising 
a^polyamlne analog that induces spermidine/spermine Ni-acetyltransferase. which comprises the steps 

(a) administering an therapeutically effective amount of said polyamine analog to a mammal; 

(b) performing a biopsy from the mammal to obtain tumor cells; 

(c) detecting the level of induction of spermidine/spermine N'-acetyltransferase In the treated tumor 
cells. 

26. The method of daim 25, wherein said polyamine analog comprises a bis-ethyl spermine analog selected 
from the group consisting of NSNi2-bls(ethyl)spermine. Ni,Nii-bis(ethyl)norepermlne, NnNi^-bis(et- 
hyl)homospermine, or a combination thereof. 

27. The nfiethod of daim 25, wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by quantifying spermidine/spermine N^-acetyltransferase activity. 

28. The method of daim 25, wherein the induction of spermidine/spermine Ni-acetyltransferase is measured 
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by assaying for the physical presence of spermidine/spermine Ni-acetyltransferase protein. 

29. The method of daim 28. wherein the physical presence of spermidine/spermine N^-acetyltransferase pro- 
tein is assayed for by using spermidine/spermine N^-acety)transferase protein as an antigen to be detect- 
ed in an inr^munoassay selected from the group consisting of a radioimmunoassay, enzyme-linked immu- 
nosorbent assay, "sandwich" assay, predpitin reaction, agglutination assay, fluorescent-based Immu- 
noassay, and chemlluminescence-based Immunoassay. 

30. The method of daim 28, wherein the physical presence of spermidine/spermine N^-acetyltransferase pro- 
tein is assayed for by an In-sihj cytochemlcal assay specific for spermidine/spermine Ni-acetyltransfer- 
ase. 

31. The method of daim 25, wherein the induction of spermidine/spermine N^-acetyltransferase Is nrieasured 
by assaying for spermidine/spermine Ni-acetyltransferase m-RNA directly from the tumor cells obtained 
by biopsy using a detection technique selected from the group consisting of agarose gel electrophoresis 
and Northern blotting, fluorescence-based hybridization assay, chemiluminescence-based hybridization 
assay, and capture hybridization microtiter assay. 

32. The method of claim 31 , wherein the spermidine/spermine Ni-acetyltransfeiase m-RNA is assayed for 
in intact cells by in-situ hybridization. 

33. The method of daim 25, wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying mutations or variations in the gene encoding spermidine/spermine N<-acetyltrans-ferase us- 
ing a detection technique selected from the group consisting of agarose gel electrophoresis and Southern 
blotting, fluorescence-based hybridization assay, chemllumlnescence-based hybridization assay, and 
capture hybridization microtiter assay. 

34. The method of daim 31 , wherein the spermidine/spermine N^-acetyltransferase m-RNA is first enzymat- 
ically amplified. 

35. The method of daim 25, wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying for a polyamine derivative selected from the group consisting of Ni-acetylspermldlne, and 
N^-acetylspermine. 

36. The method of daim 25. wherein the induction of spermidine/spermine N^-acetyltransferase is measured 
by assaying for spermidine/ spermine Ni-acetyltransferase cofactor acetylCoenzyme A. 

37. A method useful for nrwnltoring the therapeutic effecUveness of. and determining a dosage regimen and 
treatment schedule for, chemotherapy in a tumor-bearing mammal with an anticancer agent comprising 
a polyamine analog that induces spermidine/spermine N^-acetyltransferase. which comprises the steps 
of: 

(a) administering an therapeutically effective amount of said polyamine analog to a mammal; 

(b) removing body fluid from said mammal; and 

(c) detecting the level of induction of spermidine/spermine N^-acetyltransferase by measuring a poly- 
amine derivative selected from the group consisting of Ni-acetylspermidine, Ni-acetylspermine. or a 
combination thereof. 

38. The method of daim 37, wherein said polyamine analog comprises a bis-ethyl spermine analog selected 
from the group consisting of Nt.Ni2-bis(ethyl)spermine. Ni,N"-bb(ethyl)norspermlne N^NW-bis(et- 
hyl)homospermine. or a combination thereof. 

39. The method of daim 37, wherein said body fluid is selected from the group consisting of blood, urine, or 
a combination thereof. 

40. A diagnostic kit for quantifying spermidine/spermine Ni-acetyltransferase activity. 

41. A diagnostic kit for detecting the physical presence of spermidine/spermine N^-acetyltransferase protein 
as an antigen in an Immunoassay selected from the group consisting of a radioimmunoassay, enzyme- 
linked lmmunosort)ent assay, "sandwich" assay, precipitin reaction, agglutination assay, fluorescent-ba- 
sed immunoassay, and chemiluminescence-based immunoassay. 
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42. AdiagnosUc kitfor detecting spermidine/spermine Ni-acetyltransferase m-RNA using a detection techni- 

hol!fKSS-^ ~'^'»«"9 of fhjorescence-based hybridization assay, chemiluminescence- 

based hybridization assay, and capture hybridization miciotiter assay. 

43. A diagnostic kit for detecting a polyamlne derivative selected from the group consisting of Ni-acetylsper- 
midine, and N^-acetytspermine. 

44. A diagnostic kit for detecting spermidine/ spermine Nt-acetyltransferase cofactor acetylCoenzyme A. 
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Figure 1 
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@ Disclosed is a method that relates to the 
measurement of detenminants related to the 
in-vivo induction of spermidine/ spenmlne N'- 
acetyltransferase (SSAT) , subsequent to treat- 
ment with polyamine analogs that induce SSAT 
such as bis-ethyl spenmine analogs, in tumor 
types responsive to this dass of analogs. The 
method comprises the measurement of one or 
more SSAT-specific detenminants that include 
SSAT enzyme activity, SSAT enzyme protein, 
and SSAT nrvRIMA transcripts. Altemath^ely, 
other detenminants related to the SSAT induc- 
tion may be measured. Such detenminants In- 
clude SSAT co-factor acetylCoenzyme A, and 
SSAT products N<-acety!spermidine and N>- 
acetylspermine. Measurements of these deter- 
minants may be useful as prognostic indicia 
and tumor response nr^rkers to evaluate the 
clinical effectiveness of anticancer agents conv 
prising polyamine analogs, such as bis-ethyl 
spenmine analogs, that induce SSAT activity. 
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